Age-related macular degeneration and diabetic retinopathy are among major causes of blindness worldwide. Laser photocoagulation of certain positions in the affected retina is used to stop the progress of such disorders and prevent blindness. Unfortunately, the treatment procedure is done manually over many treatment sessions with about 50% failure rate. It is believed that these diseases will be completely managed if the treatment is done in one treatment session. In this paper, we explore a new technique of retinal laser photocoagulation in one treatment session. The method is based on generating a binary pattern representing the positions to be photocoagulated. This pattern can be sent to a 2-D array of switches that will allow certain points of an expanded laser beam to pass and block the others. The passed rays will be flushed to the retina in one shot. The modeling and experimental work done indicated that the procedure is promising.
Introduction
Blindness is an intimidating problem in all countries of our planet. Researches put a lot of efforts to overcome this problem. Age-related macular degeneration and vascular retinal diseases such as diabetic retinopathy are among the major causes of blindness. In these diseases, the photoreceptors of the retina are damaged and lose their visual functions causing sight degradation and finally blindness. No curative treatment is available for such conditions but the physician tries to manage the diseases by stopping their progress. The management procedure is done by applying a considerable amount of laser energy in certain positions related to the affected areas and away from the areas that can be side-affected by laser. The laser energy photocoagulates these positions, stopping more damage of photoreceptors. This in turn leads to preventing blindness to occur [1] . Unfortunately, this procedure is done manually over many treatment sessions with a 50% failure rate. The partial photocoagulation of the affected retina causes recurrence and/or persistence of the disease. According the literatures, the physicians expect that the success rate would be highly increased if the process is done in one treatment session [2] . Many researches were conducted in this area in trials to provide an automatic method for laser photocoagulation of the retina in one session. Nahed et al [3] proposed a method based on the automatic detection of the positions of laser shots in a reference image of the fundus. The coordinates of these positions are to be updated according to the movement of the retina. The motion parameters could be detected using spatial and temporal digital image registration techniques. They suggested a computer-controlled beam steering apparatus to direct the laser beam according to the updated coordinates. The laser beam should therefore scan the retina to apply laser energy to the pre-defined positions. The problem with this system is that the beam scanning speed could not be proportional to the speed of eye movement. In this paper, we propose a new technique to send a whole pattern of laser energy to per-defined positions in the retina in one shot. This would get rid of the problem of scanning speed and would also allow an area of about 2mm diameter on the retina to be photocoagulated in one shot and hence the whole retina would be treated in one session. The 2mm diameter area is assumed to be a flat area on the retina.
The following section describes the proposed method and how it is related to the previous work by the author. In section 3, we provide a mathematical model for the proposed optical system. The results of the experimental work are presented in section 4. The paper ends with a conclusion and future work. Since we intend to treat a larger area of the retina (about 2mm in diameter) at the same time, the power of the laser beam should be greater than that used to manually photocoagulate one point of about 100µm diameter. The laser beam itself should be expanded to cover the area of the hard mask where pre-selected rays can pass and other can be blocked. The passed rays should be focused and collimated to be properly imaged on the retina as shown in Fig. 1 .
Description of the proposed system
So our proposed system is divided into three parts: 1-beam expander set, 2-hard mask and 3-beam focusing set. To fully describe how can we deliver laser in a preselected pattern to the eye using this system, we should describe the passage of light (laser) through these three parts and determine the optimal parameter values.
Methods
Ray tracing could be used to determine the parameters of the optical elements used for expansion, masking and focusing. Also laser beam propagation should be studied to estimate the value of the power delivered to the retina.
Expansion and focusing sets
As shown in fig. 3 , the expander is composed of two lenses with focal lengths f 1 and f 2 and the focusing set is composed of two lenses with focal lengths f 3 and f 4 . 
Hard mask (liquid crystal screen)
We proposed to use a liquid crystal screen as a 2-D array of optical switches to be the hard mask. This is because liquid crystal rotates the polarization of light passing through it. When applying electric voltage on liquid crystals, the crystals are rearranged such that light pass without polarization changing as shown in fig. 4 [4] . The vertical arrows mean that the laser beam is verticallypolarized and the horizontal arrows mean that the laser is horizontally-polarized. So, if used a 2-dimensional array of liquid crystal elements and apply electricity on some of the elements, then polarized light opposing to these elements will pass as it is while light opposing to the rest of elements will change its polarization. I a polarizer is used after the array, then rays of certain polarization will pass and the other will be blocked as shown in fig. 5 . This method is known as Spatial Light Modulation (SLM). In using SLM systems, we can send a binary image of ones and zeros to its liquid crystal screen such that electric voltage should be applied to pixels to pass light which correspond to the ones in the binary image (or vise versa according to the used polarizer). Fortunately, the diffraction of light when passing through the liquid crystal can be neglected [5] and this is why liquid crystals can be used accurately in spatial light modulation. As mentioned before, the pattern of laser which emerges from the LC panel consists of many rays and each ray must have the required power ( 100 mW). After the focusing, the spot size of each ray must be in the range (50-500) .
In the following paragraphs, we calculate the number of pixels on the LCD panel needed to make the previous spot size and how much power we will get from these pixels. From Fig.7 , the required spot size is ∆s 50 500 µm. Where N is integer number represents the number of pixels, delta A is the area of the single pixel in µm , and |A | is the magnification of the focusing system. By neglecting the power losses occur by absorption and scattering of the optical system, the power of the single ray remains constant along its path. To achieve the required power for each ray which must be greater than 100 mW as mentioned before, the power of the laser source must satisfy the following equation:
Where delta P is the power of single ray passing through the set of pixels N which is calculated previously. P is total of power of the laser source.
The above-described mathematical models where used in a MatLab program to estimate the power values of the laser spots on the retina. Experimental verification has been done using a graphic liquid crystal of (30mm x 22mm) dimensions and (84 x 48) pixels resolution. The reflector layer of the LC has been removed to avoid laser reflection. The expanded laser beam has been directed to the LC while the electronic pattern shown in fig.9 -a was sent to the LC using the computer-controlled circuit. The pattern passed from the LC has been received on a black screen and captured using a digital camera. The captured image was analyzed using the image processing toolbox of the MatLab.
Results and discussion
We studied the mathematical model and its output using the MatLab tool boxes. The intensity distribution of the original laser beam and the expanded one are shown in fig. 8-a and b. The applied pattern mask and the emerging  laser spots from the mask are depicted in fig.8-c 
Conclusion
In conclusion, a new system for the treatment of retinal disorders using laser photocoagulation is proposed. Mathematical modeling and experimental validation of the system were done and revealed its applicability. In future, we intend to make some trials of the proposed treatment method on experimental animals according to the ethics followed in such situations.
